The p73b protein shares structural and functional similarities with the tumor suppressor gene product p53. Both proteins activate transcription from p53-responsive promoters. p53's activity is antagonized by the mdm2 protein (also termed hdm2 in human cells). Complex formation between p53 and mdm2 results in p53's transcriptional inactivation and destabilization. Here we show that overexpression of mdm2 reduces p73b's ability to activate transcription, too. The mdm2 protein forms a speci®c complex with p73b in vitro with an eciency comparable to p53-binding. Further, both p73b and p53 relocalize a transport-defective mutant of mdm2 from the cytoplasm to the nucleus, arguing that complex formation occurs in vivo as well. Mutational analysis suggests that the interaction between p73b and mdm2 follows structural principles analogous to the p53-mdm2-complex. Whereas p53 is destabilized in the presence of mdm2, the amount of intracellular p73b was not detectably reduced by mdm2. The carboxyterminal RING ®nger domain of mdm2 was found to be required to reduce the intracellular abundance of p53, but it was dispensable for transcriptionally inactivating either p53 or p73b. Our results suggest that the autoregulatory feedback loop between p53 and mdm2 also controls p73's activity, but that mdm2-mediated protein degradation is unique to p53.
Introduction
The p53 tumor suppressor protein is a key regulator of cell proliferation and apoptosis, and its integrity or activity is impaired in most malignant tumors (Levine, 1997) . Some of p53's regulatory properties are based on its ability to modulate transcription. Certain promoters contain speci®c p53 binding sites that allow transcriptional activation by p53. The mdm2 protein (also termed hdm2 in human cells) acts as an antagonist to p53. The formation of a speci®c complex between mdm2 and p53 has two known consequences: First, p53's ability to activate transcription is abolished (Momand et al., 1992; Oliner et al., 1993) . Secondly, proteasome-mediated degradation of p53 is accelerated, resulting in severely reduced steady-state levels of p53 (Haupt et al., 1997; Kubbutat et al., 1997) . The structure of the interacting domains of p53 and mdm2 has been solved by X-ray crystallography (Kussie et al., 1996) . Most of the residues involved in major contact sites were independently shown to be required for interaction based on mutational analysis (Freedman et al., 1997; Lin et al., 1994) .
A cDNA with strong homologies to p53 was recently identi®ed and its product was termed p73 (Kaghad et al., 1997) . The gene encodes at least two dierent proteins, termed p73a and p73b, that dier exclusively at their carboxyterminal portions, due to an alternative splicing event. The homology between p53 and p73 is particularly strong within the central domains, including all residues that form contact sites between p53 and its cognate DNA element. This suggests that p73 might functionally interact with these DNA-elements, too. Indeed, p73 activates transcription from promoters that are also upregulated by p53 (Jost et al., 1997) . The ability to induce apoptosis is also shared by p53 and p73. The only apparent functional dierence between p53 and p73 that has been reported so far consists in the accumulation of p53 but not p73 in cells that previously underwent DNA damage (Kaghad et al., 1997) . Based on the similarities between p53 and p73, it seems possible at ®rst glance that p73 can substitute for p53 in growth regulation and tumor suppression. Genetic alterations of the p73 gene and adjacent sequences on the chromosome raise the possibility that p73 represents a novel tumor suppressor gene, but this hypothesis still awaits corroboration (Dickman, 1997; Oren, 1997) . Another open question on the role of p73 is how the protein's activities are regulated. Therefore, we asked if the known p53-antagonist mdm2 might also form a complex with p73, and if so, what the functional consequences of such an interaction might be. We found that mdm2 binds p73 and reduces p73's activity as a transcription factor. However, unlike p53, the steady-state amount of p73 protein is not reduced in the presence of mdm2.
Results

mdm2 reduces the transcriptional activity of p73b
To assess the transcriptional activities of p53 and p73, expression plasmids for these proteins were cotransfected into Saos-2 cells (lacking endogenous p53) along with a luciferase reporter plasmid containing a p53-responsive promoter derived from the ®rst mdm2 intron (Roth et al., 1998a) . In the presence of either p53 and p73b, luciferase expression was strongly activated (Figure 1a , compare lanes 1 and 3 with lane 4). A p73a expression construct also enhanced luciferase expression, but considerably less strongly than p73b ( Figure 1a , lane 2), possibly due to the lower potential of p73a to form oligomers (Kaghad et al., 1997) . Therefore, p73b was chosen for further analysis. When using a dierent p53 7/7 cell line, H1299, a signi®cant dierence in activity between p73b and p53 was no longer observed, but p73b still yielded stronger luciferase expression than p73a (data not shown). When epitope-tagged versions of p73a and p73b were transiently expressed in Saos-2 cells under the same conditions, Western blot analysis revealed that p73a levels exceeded those of p73b (data not shown), arguing that the stronger transcriptional activity of p73b is not due to higher expression levels.
To determine the eects of mdm2 on p53-and p73-mediated transcription, we cotransfected expression plasmids for human mdm2 and several mdm2-derived mutants, followed by luciferase quantitation. Coexpression of mdm2 considerably reduced p53's transcriptional activity (Figure 1b , compare lanes 1 and 3), whereas a mutation within the p53-binding region of mdm2 (Kussie et al., 1996) abolished this inhibitory eect ( Figure 1b , lane 5), con®rming previous results (Freedman et al., 1997 ). An amino acid exchange (G448S/C449A) that causes disruption of the RING ®nger structure within the carboxyterminal portion of the protein did not disturb the inhibitory activity of mdm2. On the contrary, this mutation markedly enhanced mdm2's ability to block p53-mediated transcription (Figure 1b, lane 7) . Similarly, mutants carrying deletions in the central or carboxyterminal regions of mdm2 led to strong p53 inhibition (Figure 1b , lanes 9 and 11), as reported previously (Chen et al., 1993) . However, when the p53-binding region within such a mdm2-fragment (amino acids 1 ± 221) was deleted by a point mutation, this abolished the inhibitory eect ( Figure 1b, lane 13) . When performing these assays using p73b instead of p53, a very similar pattern of inhibition was obtained using mdm2 and mutants of it ( Figure 1b , lanes with even numbers), arguing that p73b is regulated by mdm2 in a manner analogous to p53. A mutant form of p53 (L14Q/F19S) was tested containing a mutation that abolishes mdm2-binding but preserves transcriptional activity (Lin et al., 1994) . As expected, mdm2 or a fragment of it did not reduce the activity of this mutant ( Figure 1c, lanes 1, 3 and 5 ). When the analogous mutation (D19Q/F15S) was introduced into p73b, mdm2-mediated inhibition was not observed either ( Figure 1c , lanes 2, 4 and 6), suggesting that p73b contacts mdm2 through amino acids homologous to the mdm2-binding residues within p53.
p73 associates with mdm2 in vitro Based on the inhibitory eect that mdm2 imposes on p73b, we hypothesized that p73b might physically interact with mdm2. This was tested by immunoprecipitation. p53 was synthesized and radioactively labeled by in vitro transcription/translation. Similarly, two mutant p53 proteins (L14Q/F19S and L22Q/W23S) were obtained that are known to be de®cient for mdm2-binding (Lin et al., 1994) . In parallel, p73b and the analogous mutants (D10Q/F15S and L18Q/W19S) were synthesized. In all cases, proteins of the expected size and in comparable amounts were obtained ( Figure  2 , lanes 1 ± 6). The reticulocyte lysates containing these proteins were incubated with an extract from SJSAcells, an osteosarcoma cell line overexpressing mdm2 (Oliner et al., 1992) . After immunoprecipitation with a monoclonal antibody against mdm2 (Chen et al., 1993) , coprecipitated proteins were detected by Figure 1 Transcriptional activity of p53 and p73b in the presence of mdm2. (a) Saos-2 cells were transfected with a luciferase reporter plasmid (1 mg) containing the p53 responsive element from the mdm2 gene (Roth et al., 1998) . Expression plasmids for p53 (lane 1), p73a (lane 2) and p73b (lane 3) or empty vector (lane 4) were cotransfected (30 ng each). After 24 h, luciferase activity was determined. The value obtained with p53 was set to 100%. (b) Transfection and luciferase assays were performed with the same reporter plasmid (0.5 mg) and expression plasmids for p53 (30 ng; odd numbers) or p73b (8 ng; even numbers). The values obtained with p53 and p73b alone were both set to 100% (lanes 1 and 2). All luciferase activities measured with p53 and mdm2-derivatives (odd numbers) are given in per cent of the value obtained with p53 alone. Correspondingly, all luciferase activities measured with p73b and mdm2-derivatives (even numbers) are given in per cent of the value obtained with p73b alone. Expression plasmids (2.5 mg) were cotransfected as follows: empty vector (lanes 1 and 2), wild type mdm2 (lanes 3 and 4), mdm2 with a mutation that abolishes p53 binding (lanes 5 and 6), mdm2 with a mutation that destroys the RING ®nger structure (lanes 7 and 8), mdm2 with a deletion of amino acids 222 ± 437 (lanes 9 and 10), a mdm2-fragment containing amino acids 1 ± 221 (lanes 11 and 12) and the same fragment with a mutation aecting the p53 binding domain (lanes 13 and 14). (c) Assays were performed as described in (b), but mutant forms of p53 (L14Q/F19S) and p73b (D10Q/F15S) were used instead of the wild type constructs autoradiography. As expected from the reporter assays, p53 and p73b were found to associate with mdm2 in comparable amounts (Figure 2 , lanes 7 and 10). In contrast, the mutants failed to interact detectably with mdm2 (lanes 8, 9, 11 and 12). Using HeLa cells instead of SJSA cells, a lysate containing negligible amounts of mdm2 was obtained. With this HeLa cell lysate, neither p53 nor p73b were precipitated in detectable amounts using the same antibody against mdm2 (lanes 13 and 14), arguing that the antibody alone does not bind p53 or p73b. Taken together, these results show that both p53 and p73b have the potential to speci®cally interact with the mdm2 protein.
Both p53 and p73 relocalize a cytoplasmic fragment of mdm2
To assess this interaction in vivo, a cytoplasmically localizing fragment of mdm2 was designed by mutation (R187A/K188A/R189A) of the putative nuclear localization signal within the mdm2-fragment lacking amino acids 222 ± 437 (Chen et al., 1993) . This point mutation resulted in predominantly cytoplasmic localization of the protein (Figure 3a) , indicating that the three basic residues at position 187 ± 189 are indeed part of a nuclear localization signal. Under the conditions used to immunostain mdm2, no signal was detected from non-transfected cells (data not shown). When p53 was coexpressed with the cytoplasmic mdm2-fragment (Figure 3d ), this induced the relocalization of the mdm2-mutant to the nucleus (Figure 3c ), arguing that the interaction between the two proteins results in colocalization in the nucleus. Similarly, p73b ( Figure   3f ) relocalized the mdm2-mutant (Figure 3e) , further supporting the concept that the p73b interacts with mdm2 in vivo as well as in vitro.
mdm2 does not detectably destabilize p73
In the presence of mdm2, p53 is rapidly degraded, leading to a reduced steady-state level of the protein (Haupt et al., 1997; Kubbutat et al., 1997) . To elucidate the requirements for this destabilization, we coexpressed p53 with wild type and mutant mdm2, followed by Western blot detection of p53 and mdm2 (Figure 4a ), as described previously (Roth et al., 1998) . Wild type mdm2 reduced the steady state level of p53 (Figure 4a, compare lanes 1 and 2) . When the RING ®nger structure of mdm2 was destroyed by point mutations (G448S/C449A), this had two eects: the level of p53 was maintained, and the amount of detectable mdm2 was considerably enhanced. Thus, the RING ®nger structure seems to be required for two functions: degradation of p53 and downregulation of intracellular mdm2 levels. Two other mdm2 mutants consisting of amino acids 6 ± 339 (Figure 4a , lane 4) or lacking amino acids 222 ± 325 (Figure 4a , lane 4), respectively, were tested for p53 destabilization, and again, p53 levels were not reduced. These results suggest that besides p53 binding, additional functions residing in the central and the carboxyterminal RING ®nger regions of mdm2 are required to mediate p53 degradation. Next, we asked if p73b is degraded in the presence of mdm2. To test this, a HA epitope was appended to the carboxyterminus of p53 and p73b for direct comparison of expression levels. While p53-levels were again suppressed in the presence of mdm2 ( Figure  4b , compare lanes 1 and 2), the abundance of p73b was not detectably reduced by mdm2 (lanes 3 and 4). The Figure 2 Association of p53 and p73b with mdm2 in vitro. Wild type and mutant p53 (lanes 1 ± 3) and p73b (lanes 4 ± 6) were synthesized by in vitro transcription and translation and analysed by gel electrophoresis and autoradiography. These proteins were incubated with lysates of SJSA cell that overexpress mdm2. Subsequently, the mixtures were subjected to immunoprecipitation with a monoclonal antibody (4B2) against mdm2, followed by gel electrophoresis and autoradiography (lanes 7 ± 12). In a parallel experiment, a lysate of HeLa cells was used instead of the SJSA cell lysate (lanes 13 and 14) to analyse background precipitation of p53 (lane 13) and p73b (lane 14) Figure 3 Relocalization of cytoplasmic mdm2 by p53 and p73. An expression construct for an mdm2-fragment carrying point mutations (R187A/K188A/R189A) at the putative nuclear localization signal (NLS) and a deletion of amino acids 222 ± 437 was cotransfected into Saos-2 cells with a ®vefold excess of empty vector (a,b) or expression plasmids for HA-tagged p53 (c,d) or HA-tagged p73b (e,f). The cells were ®xed, permeabilized and stained with antibodies against mdm2 (mouse monoclonal IF2) and HA-tag (rabbit polyclonal), followed by FITC-coupled anti mouse IgG antibody (a,c,e) and Texas Red coupled anti rabbit IgG antibody (b,d,f) same results were obtained when both p53 and p73b were simultaneously coexpressed with mdm2 ( Figure  4c , compare lanes 1 and 2), suggesting that mdm2-mediated degradation is truly selective for p53. These results strongly suggest that p53's but not p73's intracellular degradation is accelerated by mdm2.
Discussion
We have shown that transcriptional activation by p73b, as well as by p53, is inhibited by mdm2. Mutational analysis reveals a parallel inhibition pattern when comparing p73b and p53. As expected from these ®ndings, mdm2 binds p73b in vitro with an eciency comparable to the complex formation of mdm2 and p53. Correspondingly, a cytoplasmic variant of mdm2 is relocalized to the nucleus by p73b as well as by p53. Despite these similarities, p73b is not destabilized in the presence of mdm2, while p53 is rapidly degraded.
Our results suggest that p73 is a novel reaction partner in the autoregulatory feedback loop that also controls p53 and mdm2 (Wu et al., 1993) . Since the mdm2 gene contains a p53 responsive element that can also be activated by p73 proteins, it is conceivable that either p53 or p73 activates the expression of mdm2. In turn, mdm2 downregulates the activities of both p53 and p73. This suggests that the overexpression of either p53 or p73 can activate a mechanism to limit the transcriptional activities of both proteins. Hence, the mdm2 protein appears to control more than one p53-like transcription factor. It remains to be determined whether other p53-like proteins that were recently identi®ed (Bian and Sun, 1997; Osada et al., 1998; Schmale and Bamberger, 1997; Zeng et al., 1998) may also upregulate mdm2 expression and/or form a complex with mdm2. If so, mdm2 might turn out to control an entire set of transcription factors rather than p53 alone. This would provide a possible explanation for the observation that mdm2-overexpression induces unusual breast tissue development even in a p53 7/7 background (Lundgren et al., 1997) . On the other hand, mice lacking p53 and mdm2 have been reported to show a tumor incidence comparable to mice lacking p53 alone (Jones et al., 1996) . This argues that other mdm2-regulated transcription factors, such as p73, may not be primarily involved in tumor suppression, but rather it functions like the differentiation of certain cell types. Inhibition of p53 by mdm2 is crucial for the development of the entire organism, since mice lacking the mdm2 gene are not viable unless the p53 gene is missing, too (Jones et al., 1995; Montes de Oca Luna et al., 1995) . As soon as mice lacking p73 will be available, crosses with the mdm2-and p53-knockouts may elucidate the potential role of the interaction between p73 and mdm2 during development.
The structure of the complex formed by fragments of mdm2 and p53 has been solved (Kussie et al., 1996) . Three amino acids within p53 (F19, W23, L26) were found to form major contacts with a pocket domain of mdm2 ( Figure 5 ). These three amino acids are conserved between p53 and p73 ( Figure 5 ), suggesting that mdm2 binds p73 the same way as it binds p53. Our mutational analysis further supports this concept, since at least two of these residues (F15, W19) within p73 were found to be required for mdm2 binding (Figure 2 ). Proline 27 of p53 was described as a minor contact site to mdm2 (Kussie et al., 1996) . This residue is not conserved in p73, and apparently it is dispensable for binding. Finally, the alpha helical structure of p53's residues 17 ± 26 is stabilized by hydrogen bonds between T18 and D21. D21 is replaced by a histidine residue in p73. Again, this dierence Figure 4 Steady-state levels of p53 and p73b in the presence of mdm2. (a) Expression plasmids for p53 (100 ng) and dierent versions of mdm2 (2.9 mg) were transfected into Saos-2 cells as indicated. After 24 h, the cellular proteins were separated by SDS-polyacrylamide gel electrophoresis, followed by transfer to nitrocellulose. The blot was incubated with antibodies to p53 (monoclonal antibody 1801) and mdm2 (IF2), followed by a peroxidase-coupled secondary antibody and chemiluminescent detection. (b) Expression plasmids (100 ng) for HA-tagged p53 (lanes 1 and 2) or p73b (lanes 3 and 4) were transfected with empty vector (lanes 1 and 3) or mdm2 expression plasmid (lanes 2 and 4), followed by Western blot detection of the HA-tag. (c) Expression plasmids (100 ng each) for HA-tagged p53 and p73b were simultaneously transfected with empty vector (lane 1) or mdm2 expression plasmid (lane 2), followed by the procedure described in (b) Figure 5 Structural comparison between mdm2-binding domains of p53 and p73. Corresponding portions of p53 and p73 are aligned. The mdm2-binding portion of p53 is shown, and the amino acids forming direct contact sites with mdm2 (Kussie et al., 1996) are marked by arrows. The minor contacts formed by p27 are re¯ected by a smaller arrow. Amino acids conserved between p53 and p73 are shown in bold. A portion of p53 (indicated by a bar below the sequences) is known to form an alpha helix in the presence of mdm2, and this helix is stabilized by hydrogen bonds between T18 and D21 (indicated by a bracket above the sequence) does not seem to aect mdm2 binding. These results suggest that the amino acid sequence of p53 can be varied at some residues while maintaining the ability to interact with mdm2. Such variants of the known mdm2 binding motif may allow other members of the emerging p53-like protein family to interact with mdm2.
The truncation of mdm2 as well as a mutation speci®cally destroying the RING ®nger structure near the carboxyterminus of mdm2 have two eects: ®rst, the mutants are expressed to considerably higher levels than full-length, wild type mdm2. This is consistent with recent reports that the carboxyterminal domain of mdm2 binds to the ARF protein, resulting in decreased stability of mdm2 (Pomerantz et al., 1998; Zhang et al., 1998) . Further, truncated mdm2 and the RING ®nger mutant failed to mediate the intracellular degradation of p53. A possible explanation consists in the requirement of the RING ®nger domain for the ubiquitinylation of p53. Indeed, mdm2 has been reported to act as a ubiquitin ligase in vitro, with the carboxyterminal domain of the protein being necessary for this activity (Honda et al., 1997) . Truncated forms of mdm2 are synthesized in cells by alternative splicing mechanisms (Haines et al., 1994) . Such truncated mdm2 molecules (if retaining the p53 binding domain) may play a physiological role by inhibiting p53's and p73's transcriptional activity more potently than full-length mdm2, while not aecting the stability of p53. The fact that mdm2 binding does not lead to detectable p73 degradation implies that intrinsic properties of p53 other than a functional mdm2 binding domain are required for mdm2-mediated degradation. These properties may include the presence of suitable ubiquitinylation sites, or the potential of directly interacting with the proteasome. Chimeras of p53 and p73 might reveal the presence of de®ned degradation domains' within p53.
In some tumors, the mdm2 oncoprotein is overexpressed. The role of enhanced mdm2-levels in tumor development was previously explained by the inhibition of p53. Our results suggest a second pathway that may contribute to malignant transformation in these tumors: overexpressed mdm2 can be expected to inactivate p73, too. In some tissues, p73 may be needed in addition to p53 to eciently suppress tumorigenesis. In such cells, the overexpression of mdm2 would be a more ecient way to evade growth control mechanisms than the mutation of p53.
Yet, there are dierences in the control of p53 and p73. It has been found that p53 but not p73 levels are elevated after damage to the genome (Kaghad et al., 1997) . Our data suggest that p73's stability is not reduced by mdm2, while p53's degradation is accelerated. Further, we have observed that adenoviral oncoproteins that eciently inhibit and destabilize p53 do not detectably aect p73's activity (Roth et al., submitted) . Further, SV40 T antigen fails to form a complex with p73, whereas it eciently binds and inactivates p53 (our unpublished observations), and unlike p53, p73's activity seems to be resistant to the E6 protein from oncogenic Human Papilloma Viruses (Prabhu et al., 1998) . Many tumor cells appear to express signi®cant levels of wild type p73 (Mai et al., 1998; Nomoto et al., 1998; Sunahara et al., 1998; Takahashi et al., 1998) , suggesting that the expression of p73 is not consistently downregulated in transformed cells. We have not observed signi®cant dierences in the proportion by which p53 and p73b activate a variety of dierent p53-responsive promoters (data not shown), arguing that p53 and p73 may activate a very similar subset of cellular promoters. Given the dierences in the regulation of p53 and p73, we propose that p53 may have activities other than transcriptional activation, that cannot be carried out by p73. Such activities may consist in TFIIH-binding (Leveillard et al., 1996; Wang et al., 1995) or the function of the proline rich region near the aminoterminus of p53 (Walker and . These activities may not be suciently controlled by complex formation with mdm2 but only by the degradation of p53. These considerations suggest that the role of p73 may not be as central as that of p53 in tumor suppression. Possibly, p73 may act as a regulator of dierentiation in a subset of tissues, rather than as a general`guardian of the genome' (Lane, 1992) . However, the comparison between p53 and p73 may serve as a guideline to identify functions that are unique to p53 and that have key roles in the control of cell growth and tumor formation.
Materials and methods
Cell culture, transfections and plasmids
Saos-2 and SJSA cells were maintained in Dulbecco's modi®ed eagle media containing 10% fetal calf serum. Transfections were carried out using Superfect transfection reagent (Qiagen). Expressions plasmids for p73 were constructed using the vector pcDNA3 (Invitrogen) and PCR-based cloning techniques. Constructs were con®rmed by sequencing. Site directed mutagenesis was carried out using the Quikchange protocol (Stratagene). Epitope tags were appended to the carboxytermini of p53 and p73 rather than the aminotermini, thereby avoiding interference of the tag with the aminoterminal transactivation domains. Expression plasmids for p53 and mdm2 have been described (Chen et al., 1993; Lin et al., 1994; Oliner et al., 1993) . In all cases, the human species of the proteins were used.
Immunoprecipitation
To immunoprecipitate p53 and p73 with mdm2, a protocol to detect complexes of Ad2-E1B-55 kDa and p53 (Yew and Berk, 1992) was adapted: SJSA cells (10 6 per assay) were harvested in 100 ml lysis buer (50 mM Tris pH 7.5, 150 mM NaCl, 5 mM EDTA, 0.05% BSA, 0.01% NP40) and mechanically disrupted by a syringe. The soluble fraction was incubated with 10 ml of reticulocyte lysate containing in vitro translated p53 or p73 for 30 min at 308C, followed by immunoprecipitation with the monoclonal anti-mdm2 antibody 4B2 (Chen et al., 1993) and four washing steps using lysis buer. p53 and p73 coprecipitated along with mdm2 were detected by autoradiography after gel electrophoresis.
Immuno¯uorescence
Transfected cells were ®xed with paraformaldehyde (4% in PBS, 15 min), permeabilized with Triton X-100 (0.2% in PBS, 25 min) and incubated with antibody as described (Dobbelstein et al., 1992) . To stain the HA-tag, a rabbit polyclonal antibody (Santa Cruz) was used, followed by a Texas-Red-labeled secondary antibody (Jackson). To detect mdm2, the murine monoclonal antibody IF2 (Ab-1, Calbiochem) was used, followed by a FITCconjugated secondary antibody (Jackson).
Immunoblot
Proteins were harvested after transfection. The total amount of protein was determined by Bradford assay and found to vary by a factor of less than 1.5 in all cases. The proteins were separated on denaturing 10% polyacrylamide gels and transferred to nitrocellulose, followed by incubation with antibodies in PBS containing 5% milk powder and 0.05% Tween, and chemiluminescent detection (Pierce) of peroxidase-coupled secondary antibody (Jackson). Antibody Pab1801 to p53 and antibody IF2 to mdm2 were from Calbiochem, antibody HA.11 against the HAepitope was from Babco.
Note added in proof While this paper was under review, it has been established that adenovirus E1B-55 kDa and SV40 T antigen bind and inactivate p53 but not p73.
